Syrian golden hamster interferon was made by stimulating secondary or benzo(a)pyrene-transformed embryo cells with Newcastle disease virus. Titres of 1000 to 6000 units/ml of tissue culture fluid were obtained. The ionic properties of this interferon were characterized by chromatography on cation and anion exchangers and also by isoelectric focusing when two components were observed: a major component, pI 5.8 and a minor component, pI 6.6. Hamster interferon was partially purified on a tandem of sorbents of diverse chromatographic bias: anion exchanger --, metal chelate -. hydrophobic ligand. The purified preparation had a specific activity of about 1 × 106 units/mg protein; the recovery of activity was nearly complete. The apparent mol. wt. of hamster interferon, as estimated by SDS-polyacrylamide gel electrophoresis under non-reducing conditions, is 17000. Crude Syrian hamster interferon preparations had some activity on mouse cells; this heterologous activity was entirely due to a small subpopulation of interferon molecules which could be isolated on phenylagarose.
INTRODUCTION
The Syrian golden hamster has been much used in biomedical research (Streilein, 1978) . It is attractive for the study of carcinogenesis because of a low frequency of incidence of malignant neoplasms and a high susceptibility to known oncogenic viruses and chemical carcinogens (Berman & Sato, 1978) . It also has a particular abnormality of its major histocompatibility complex which offers an unusual opportunity to study the role of the immune system in resistance to tumour induction (Klein, 1978) . However, its greatest attraction is, perhaps, the paucity of indigenous viruses and its extraordinary susceptibility to infection with viruses from other species, including man (Toolan, 1978) .
The possible role of interferon in these pathological events prompted us to produce and purify Syrian hamster interferon. In this report, we describe some physio-chemical and biological properties of Syrian hamster interferon and an efficient method for its purification based on an arrangement of sorbents in a chromatographic tandem of columns (Sulkowski et al., 1977) .
METHODS
Chemicals. These were purchased from the following sources: DEAE-dextran and Sephadex G-75 superfine from Pharmacia, Piscataway, N.J., U.S.A.; poly(rI).poly(rC) from Miles Laboratories, Elkhart, Ind., U.S.A.; ampholines (carrier ampholytes) from LKB; ethylene glycol from Baker Chemical Co., Phillipsburg, N.J., U.S.A.; acrylamide and other constituents for the preparation of polyacrylamide gels and sodium dodecyl sulphate (SDS) from Bio-Rad Laboratories, Richmond, Va., U.S.A.; synthetic polypeptide mol. wt. standards from BDH, Poole, Dorset, U.K.
Interferon assay.
Interferon was assayed by a colorimetric method (Finter, 1969) . Hamster interferon was assayed on CHO or secondary embryo cells with vesicular stomatitis virus (VSV) as the challenge virus. Mouse L cells were used to test for heterologous interferon activity also with VSV as the challenge virus.
Chromatographic procedure. Chromatographic columns were developed at 4 °C at a flow rate of 30 ml/cm2/h by means of a peristaltic pump. The column effluents were divided by a stream-splitting device and 10% was collected into a 1% solution of bovine serum albumin (BSA) in phosphate-buffered saline (PBS) and used for interferon assay. The remainder was used for measurement of protein by a fluorimetric assay (B/Shlen et al., 1973) with BSA as a standard.
Isoelectric focusing. Isoelectric focusing was performed in a Desaga/Brinkmann flatbed chamber at 4 °C (Radola, 1973) with a thin layer (10 × 20 cm) of washed Sephadex G-75, superfine (30 ml of swollen gel) containing the interferon sample and 2 % carrier ampholytes.
SDS-polyacrylamide gel electrophoresis (SDS-PAGE).
The mol. wt. of interferon was determined by SDS-PAGE (Maizel, 1966) .
RESULTS
Both a polyribonucleotide and a virus inducer were explored for the production of Syrian hamster interferon. Two types of hamster cells were employed: secondary embryo cells and benzo(ct)pyrene-transformed cells. The representative values from several experiments are given in Table 1 . In general, poly(rI).poly(rC) was found to be a poor inducer, alone or in combination with DEAE-dextran. By contrast, NDV was found to induce considerable amounts of interferon, particularly when u.v.-irradiated. The kinetics of interferon induction in transformed cells are shown in Fig. 1 ; similar kinetics were also observed for secondary embryo cells. The titres of Syrian hamster interferon obtained and measured as described in Methods are not high by comparison with those obtained in other species, but compare favourably with those obtained by others in hamster material (T~las et al., 1968) .
Crude interferon preparations were chromatographed on DEAE-Sepharose CL-6B, as shown in Fig. 2 and on CM-Sepharose CL-6B (not illustrated). Chromatography on both . After a 1 h adsorption period, the cells were washed and incubated with 20 ml serum-free MEM for 23 h at 37 °C. At intervals, small samples (0.2 ml) were removed, diluted (1/5) in MEM (with 2 % calf serum) at pH 2, held overnight at 4 °C and then adjusted to pH 7 for interferon assay. Results of duplicate determinations are shown. 0--0, Interferon activity. Fig. 2 . Chromatography of hamster interferon on DEAE-Sepharose CL-6B. A sample (12 ml) of a crude interferon preparation containing 16 000 units interferon, was diaiysed against 0.02 M-sodium phosphate, pH 8 and appfied on the column (0.9 x 5 cm). After a brief rinse with the same buffer, the column was eluted at pH 7 (0.02 M-sodium phosphate). A finear gradient of NaC1 concentration was then developed by mixing (i) 25 ml 0.02 M-sodium phosphate, pH 7 with (ii) 25 ml 0-3 M-NaCI, 0.02 M-sodium phosphate, pH 7. Finally the column was eluted with 1 M-NaC1, 0.02 M-sodium phosphate, pH 7. The recovery of interferon activity was 98%. O---O, Protein; 1~--O, interferon activity; ---, molarity of NaC1.
anion and cation exchangers gave good recoveries of activity (80 to 100%) and a considerable purification of interferon. Chromatography on DEAE-Sepharose CL-6B was of particular value for the purification of this interferon: the crude interferon preparation was sufficiently stable during dialysis at pH 8 (application conditions on the column) and the recovery of activity from the column was complete (98 % of applied value).
A purification procedure for Syrian hamster interferon is illustrated in Fig. 3 . The procedure involved the chromatography on" A, an anion exchanger, DEAE-Sepharose CL-6B; B, a metal chelate, CuZ+-agarose; and C, a hydrophobic ligand, phenyl-Sepharose CL-4B. The columns were connected physically to give a 'chromatographic tandem' of sorbents. This was possible because desorption conditions on the preceding column in the tandem were compatible with the adsorption conditions on the following column. Briefly, a crude, dialysed interferon preparation was applied on DEAE-Sepharose CL-6B. The interferon activity was retained on the column at pH 8 and was subsequently eluted at pH 7 with 0.15 M-NaC1. The eluate from the anion exchanger was transferred directly to a Cu2+-agarose column, which retained the interferon activity. The displacement of interferon Fig. 3 . Tandem column chromatography of hamster interferon on columns: A, DEAE-Sepharose CL-6B; B, Cu2+-agarose; and C, phenyl-Sepharose CL-4B. A crude hamster interferon preparation (50 ml) containing 56 000 units interferon and 96 mg protein, dialysed against 0.02 M-sodium phosphate, pH 8, was applied to column A (DEAE-Sepharose CL-6B, 2 ml bed vol.) equilibrated in the same buffer. Following a brief rinse with 0.02 M-sodium phosphate, pH 8, the column was developed with the same buffer at pH 7 (first arrow). Interferon activity was then desorbed with 0.15 M-NaC1, pH 7 (second arrow) and run directly on to column B (Cu2+-agarose, 1 ml bed vol.). The columns were then disconnected and developed separately; for column A, the residual, non-interferon protein was eluted with 1 M-NaCI, 0.02 M-sodium phosphate, pH 7 (third arrow). Column B (Cu2+-agarose) was developed first with 0-02 M-sodium phosphate, pH 7, and then with 0.05 M-sodium acetate, pH 6, both containing 1 M-NaCI, as indicated by the first two arrows. Interferon activity was desorbed with 1 M-NaCI in 0.05 M-sodium acetate, pH 4.5 (third arrow) and simultaneously adsorbed on to column C (phenyl-Sepharose CL-4B, 0.5 ml bed vol.). The columns were then disconnected and developed separately; for column B, some residual, non-interferon protein was eluted with 1 M-NaC1, 0.05 M-sodium acetate, pH 4 (indicated by the fourth arrow). Column C (phenyl-Sepharose CL-4B) was developed first with 1 M-NaCI, 0.05 M-sodium acetate, pH 4.5, and then with 0-05 M-SOdium acetate, pH 4-5 (first two arrows). Interferon activity was eluted with 0-02 M-sodium phosphate, pH 7-4 (third arrow). Some residual protein was then eluted with 75 % ethylene glycol in the same buffer (fourth arrow). The recovery of interferon activity from column C was 90% of that applied on column A; the overall purification was 200-fold, and the specific activity was 1 x 106 units/mg. 0---0, Protein; 0--0, interferon activity. from the metal chelate column was effected at pH 4.5, as previously described (Bollin & Sulkowski, 1978) . Again, this eluate was transferred directly to the next column in the chromatographic tandem, i.e. phenyl-Sepharose CL-4B. The interferon activity was retained at this low pH value and was subsequently eluted at pH 7.4. The whole purification procedure could be performed within a day. The specific activity of the interferon preparation was increased by a factor of about 200 to a value of 1 × 106 units/mg protein. The overall recovery of activity (90%) was remarkably high. Such a high recovery is presumably due to: (i) good recoveries from individual sorbents; (ii) elimination of dialysis between chromatographic steps and (iii) the short duration of the whole purification procedure.
The apparent mol. wt. of purified hamster interferon was estimatea by SDS-PAGE under non-reducing conditions (Fig. 4 ). An interferon species of mol. wt. 17 000 was detected.
The chromatographic behaviour of hamster interferon on ion exchangers indicated its slightly acidic character: it was retained at pH 5.5 (not illustrated) on a cation exchanger (CM-Sepharose CL-6B) and at pH 7 on an anion exchanger (DEAELSepharose CL-6B) as shown in Fig. 2 . The interferon could be recovered from both exchangers with 0.15 to 0.2 MNaC1. The isoelectric focusing of hamster interferon, as shown in Fig. 5 , gave an apparent pI of 5.8, a value consistent with the behaviour of this interferon on ion exchangers. There also seemed to be a minor isoelectric component with a pI of 6.6.
We found that crude hamster interferon preparations could readily protect mouse cells against infection by VSV, although the protection was less than with hamster cells. The question arose whether this heterologous activity (5% of the homologous activity)is due to some low affinity for mouse cells of the whole population of hamster interferon molecules, or to the presence of a subpopulation in hamster interferon preparati'bns, with a relatively broader species specificity. This question was answered bY the experiment illustrated in Fig. 6 . A small subpopulation, accounting for all the activity on mouse ceils of a crude hamster interferon preparation, was isolated on a phenyl-Sepharose CL-4B column by elution with ethylene glycol (EG). A similar subpopulation in mouse L cell interferon preparations, which protected hamster cells, could also be isolated on phenyl-agarose (not illustrated). Thus, the major portion of Syrian golden hamster interferon activity seems to be inactive on mouse cells. Syrian hamster interferon was found to be about twice .as active on Syrian hamster embryo fibroblasts as on Chinese hamster ovary cells. 
DISCUSSION
We found that Syrian hamster interferon shares many properties with other mammalian interferons, e.g. stability to low pH treatment (Ng & Vil6ek, 1972) , recovery of activity from preparations treated with SDS (Stewart II et al., 1974 ) and a tool. wt. within the range of values observed for other interferons (Ng & Vil6ek, 1972) .
To purify Syrian hamster interferon we have used a chromatographic tandem of columns which considerably increased the efficiency of the purification procedure. A chromatograph;-tandem, which provides for direct transfer of the protein of interest from one column to another, is possible because desorption conditions from column A are compatible with adsorption conditions for column B in the train of columns. We suggest a term 'tandem column chromatography' for this kind of chromatographic purification strategy (Sulkowski et aL, 1977) . Tandem column chromatography has several advantages over a purification procedure with one column used at a time, namely: (i) elimination of mechanical losses; (ii) reduction of the loss of activity due to surface adsorption and denaturation of a protein; (iii) reduction in the chance of bacterial contamination; and (iv) elimination of dialysis and concentration operations, with (v) a resulting reduction in duration of the purification procedure. We are now designing purification procedures for other interferons using the same approach.
The heterologous activity of hamster interferon preparations deserves an additional comment. At present, the origin of the small subpopulation of hamster interferon which protects mouse cells is not clear. It is conceivable that some processing of the nascent polypeptide may confer this heterologous activity, but there may be a simpler explanation. It has been suggested recently (Havell et aL, 1978) that human fibroblasts carry two structural genes for fibroblast and leukocyte types of interferon. It is germane to recall that leukocyte-type interferons are less restrictive in their species specificity than fibroblast-type interferons (Gresser et al., 1974) . Thus, we suggest that the hamster interferon subcomponent displaying heterologous activity may be a product of a gene specifying leukocyte-type interferon, whereas most of the interferon may be a product of a gene specifying a fibroblast-type interferon which is less crossreactive. The presence in mouse interferon preparations of a small subpopulation of interferon which protects hamster cells could be of similar origin.
